
20378 SCIENTIFIC AMERICAN SUPPLEMENT, No. 1271. MAY 12, 1900. 

amount of rosin will simply destroy the d urability of 
the best. varnish: 

The objectioIl to the use of varni�h paints is' their 
cost. From the nature of things, varnish it! much 
more expensive than oil. When one puts so valuable 
n. material as a good varnish into a paint he naturally 
will insist on putting it through a mill, and when we 
compare the cost of it with that of an oil paint run 
rhrough a mixer there will be a striking difference. 
Suppose it costs twice as much. This would probably 
"e a minimum. The minimum cost of applying any 
IIltint will be as much as the price of the oil paint. 
Then, when the two are applied, they have cost in the 
proportion of two to three. If the varnish paint will 
last fifty per cent. longer than the oil paint, it will then 
be as economical. It is the opinion of the writer that 
it has been proved by actual use to be more than 100, 
and in many cases 300, per cent. more lasting. 

Varnishes are also made which contain asphaltum 
which is a mineral resin, instead of the vegetable 

'resins already d�scri bed. These are, of course, black, 
and they may be made with part vegetable resins and 
part a�phaltum if so desired. The objection to asphal
tum is that when used with any considerale propor
tion of linseed oil its remarkable non-drying qualities 
make it difficult of use. Its advantage is its cheapness 
and also its wonderful permanence. When properly 
combined, however, it is a most valuable material. 
The simplest way to overcome its effect of preventing 
the oxidation of oil is to subject the varnished object 
to the action of hot air. The activity of the oxygen is 
thus enormously increased, and oxidation proceeds in 
spite of all ohstacles. This is the process known as 
japanning or enameling, and it has the further advan
tage that the adhesion of the coating to the metal is 
much increased, while at the same time the porosity of 
the coating is reduced almost to nothing. This is be
cause the coating material is kept in a melted or 
semi-fluid condition while the oxidation is going on, 
and the pores are destroyed or closed by the flowing of 
the material itself. 

The way this is done is by coating the object, usu
ally by dipping it in the varnish. Then it is put in an 
oven and baked at a temperature of from 2000 to 4000 
F. for several hours. Sometimes several coats are 
, h us applied in succession. Varnish paints are some
: imes applied in this way, making colored enamels of 
g'!'eat beauty and durability. But it is possible to use 
asphaltum in varnishes which will dry at ordinary tem
peratures. This is most commonly done by using 
very little oil; also by a large amount of driers, but 
better by mixing a varnish of asphalt 11m with one made 
of other resins. It is also possible to make a varnish con
taining a considerable amount of asphaltum which will 
dry reasonably well by great care and skill in its fabri
cation. It Illay safely be said that asphaltum is 
one of the most difficult substances to use, and that 
while excellent results are obtainable, they are more 
difficult to obtain than with any other substance, and 
that bad results are very common. 

In conclusion, it remains to be observed that while 
nothing is here said of the importance of methods to 
be employed in cleaning the metallic surface, this is 
not because it is a matter of minor importance. On 
the contrary, it is of so great importance that a sepa
:-ate discussion of its value and the means of doing it 
would be necessary, and this paper is, therefore, con
fined to an account of the materials used. The COIll
parative value of these is difficult to determine, alld 
varies in different cases; but in general the writer has 
been led to the conclusion that there is not a very de
cided difference between different pigments in their 
value for the prevention of corrosion ;  that varnishes 
and varnish paints, when made with proper knowledge 
amI skill, are better than oil paints ; that these latter 
give probably better average results than red lead, 
but that, when the best possible results of red lead are 
attained, it is considerably better for 1lI0st exposures 
than oil paints, and that the use of adulterated mate
rials, either through ignorance or design, is a most se
I';OUS and common evil. This is rather the fault of the 
:)U rchaser than of the maker. If the former would not 
uuy, the latter would not make the inferior article. It 
is within my knowledge that, at the time of writing 
this, steel frame buildings costing over a million dollars 
are being erected on which red lead paint is specified ; 
the paint to contain 15 pounds of red lead to the gallon, 
the cost of materials at wholesale being about $1.30. 
The paint actually used, and guaranteed to pass the 
inspection, costs the painter 60 cents per gallon. This 
is not an exceptional case; such things are going on 
constantly. The purchaser or his agent is to blame, 
and it is a valid criticism of very many engineers that 
they are willing to let contracts at prices which, if the 
undertaking YMe properly carried out, would entail 
loss to the cO�l'�or. It does not pay to do business 
with a Illan who is losing money. The contractors are 
the men who build these great engineering structures. 
'I'he engineers do not build them, nor do the capitalists. 
but it is the men who do the actual work and who 
make the necessary parts and supplies; and they are en
tilled to fair pay for their labor and skill and materials 
supplied; and when they are told that they will not be 
paid for a good article, they will be likely to supply an 
inferior one. Sillce the range of prices, in the case of 
paints for structural work, is about <1/10 per cent., it is 
nat 11 tI\,l that inferior articles should be' often substi
tlliell for better ones in this line if they are in any. 

LISTER'S INOLINOMETER THEODOLITE. 
WE illustrate an improved forl1l ()f Lister's incli

nometer theodolite now being constrllC'ted by Mr. W. F. 
Stanley, of the Great Turnstile, Higb Hal born, London. 
Owing to certain peculiarities in its design, the instru
mellt, which is shown complete in Fi'" 1, is capable of 
Ioing rapidly work which I,: the ordi�a!'y way can only 
,le done III a slow and laborIOUS fashion. For instance 
if it is desired to take a cross-section on sidelon� 
ground, as in Fig, 2. the instrument would, in the usual 
method Of. working, be placed at A, the staff at B, 
'1nd a readmg taken. The staff would then be shifted 
to 0, and a second reading taken. Next the instru
ment would fie shifted to J), and a back sight taken on 
t.he staff at a, which would then be removed to E. 
On very steep ground many shifts of the instrument 
are required, while the chaining of the distances be
tance becomes troublesome, as it is necessary to plumb 
down from the end of thl.' chain. With the n�w the-

odolite, however, the work is done as easily as on levl.'l 
ground. To this end the telescope is so arranged that 
when the instrument has been leveled in the ordinary 
way this telescope can be made to rot.ate in a plane in
clined at any desired angle to the horizontal. The ad
vantage of this will be readily understood by a refer
ence to Fig. 3. The theodolite is erected at F, and 
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leveled. in the ordinary way. The telescope is now 
caused to rotate in a plane parallel to the lie of the 
land so that the line of sight will bl.', say, (} H. The' 
staff is now held as at 1, perpendicular to the line of 
sight, and a reading taken which shows the depression 
of the ground at that point below the telescope plane. 
The distances are measured parallel to that plane, so 
that in ordinary cases it. is !mfficient to chain along the 
slope, no plumbing being required. The angle which 
the line, (} H. makes with the horizontal is noted, and 
it then becomes a simple matter to plot the section. It 
will thus be seen that one setting of the inst.rument is 

sufficient to take the fevers of the ground on a slope up 
or down, backward or forward, within the range at 
distinct vision. Should a hollow be met with, the bot
tom of which falls so much below the plane of sight 
that the staff would disappear, its level can be ob· 
tained by a simple adjustml.'nt. The staff is held at a 
point where its top is visible on the telescope, and the 
latter is then adjus"ed so that its line of sight. cuts 
the staff, say 10 feet lower down. With this new posi
tion of the reference plane, the level of the bottom of 
the hollow can be read. Stadia hairs are fitted so that 
thl.' instrument man can determine the whole topogra
phy of the ground within the range of his telescopl.', 
without re-erecting his instrument., and he may get 
along on occasion with but one assistant. As already 
stated, it is necessary that the staff should be read 
when perpendicular to the line or rather plane of sight. 
The simplest method of insuring this is to simply rock 
the staff toward the telescope. and book the lowest 
reading, as is often done in ordinary level work. At 
the same time, tilting of the staff to right or left is 
corrected by signals from the instrument man in the 
usual way. In certain extreme cases a small inclinom
eter may be fitted to the staff, and set to the same 
angle as the vertical arc of the theodolite. 

The feature of the instrument which permits of the 
method of working described above consists in the 
mounting of the telescope on a supplemental axis, at 
right angles to the ordinary transverse axis. Setting 
the vertical arc to any desired angle, the telescope can 
be rotated about t.his supplemental axis, in which con
dition its line of sight will sweep over a plane inclined 
to the horizontal by the amount shown on the verti
cal arc. When used as an ordinary theodolite the 
telescope is clamped parallel to this vertical arc. To 
take a back sight, the telescope is simply turned end 
for end round the supplementary axis. 

In the ordinary method of setting out curves it is, as 
well known, necessary to repeat several times a com· 
paratively small angle, which in the English system 
most usually contains an awkward fraction of a degree. 
The vernier has accordingly to be carefully read at 
each new setting. To avoid this, a very neat little reo 
peating device has been fitted to the new instrument. 
This is clearly shown in Fig. 1, and consists of a fork 
fixl.'d to the edge of the upper parallel plate, between 
the jaws of which is a lug which can be clamped at will 
to the lower parallel plate. The amount of motion of 
this lug can be regulated by a screw. To repf'at tl1e 
deflection angle for a curve, this screw is adjusted so as 
to limit the play of the lug to an amount correspond
ing to this angle. Then, at starting, the lug is moved 
IIp against one jaw of the fork and clamped there. 
The upper plate is then rell'ased and moved till the 
othe!' jaw comes in contact with the lug, thus giving 
the desired deflection angle. To repeat, the parallel 
plates are clamped, the lug freed and moved forward 

Fl(/:. i.-LISTER'S INCLINOMETER THEODOLITE. 

© 1900 SCIENTIFIC AMERICAN, INC, 



MAY 12, 1900. SCIENTIFIC AMERICAN SUPPLEMENT, No. 1271. 20379 

again to the limit 01 its play, I'l'l'lamped in its new posi
tion, and the top plate woved u).,;aiu as before. 

For setting out the side widths of stl"aight cuttings 
01' banks, the instrumeut is particularly useful. It will 
be clearly understood that once two slope pegs have 
been driveu, all intermediate ones can be put in with
out further calculation. 'fo do this the vertical arc of 
the theodolite is clamped to the angle of the desired 
slope, and the instrument erected in a position such 
that the line of sight cuts both the distant and near 
pegs as it is rotated round its supplemental axis. Then, 
wherever this line of sight cuts the ground,is a point on 
the outcrop of the slope of the cutting, no matter how 
irregular the I ie of the ground may be. The position 
of the two original pegs can be fixed with but little 
difficulty, as will be seen by a reference to Fig. 4. Thus, 
if it be desired to set out the slope pegs for a cutting as 
shown, the instrument is set over the center peg, and 
the depth of the point at which the slope pegs inter
sect is calculated. Let this be IJ and H, the height of 
the telescope axis above the ground line. The tele
scope is then set to angle of the slope, and the level 
staff moved outward till its reading is (IJ + H) sin () 
where () is the angle of the slope. Several slope pegs 
can be set out in the same way from the one station, so 
long as the height to be read does not exceed the range 
of the staff. By setting the vertical I>.rc to the slope 
for the other bank, the peg there can also be fixed. We 
are indebted to London Engineering for the descrip
tion and engraving. 

GRINDELIA PATENS. 
A'I' the commencement of last year, says a corres

pondent of The Gardeners' Chronicle, I received 
from Mr. Shin, Curator of the Government Botani
cal Station, at Berkeley, California, the seeds of four 
species of Grindelia, two of them named G. patens 
and G. cuneifolia, and two unnamed. and labeled re
spectively as G. species, and G. species from Fort 
Bragg. They all came up well, and in appearance and 
habit of growth the first three are almost similar, the 
one to the other; but the fourth is much d warfel', and 
lower growing, with smaller leaves. Only the first 
named, as represented in the woodcut, has bloomed as 
yet; but as the others are growing vigorously, I hope 
to see them all bloom in the course of next spring or 
SlImmer. I have sent plants of all four to the Royal 
Gardens, Kew, for identification. G. patens is a very 
pretty pale yellow composite. 

MASON BEES. 
THE chalicodomoo well merit the name of "mason 

bees," bestowed upon them by Reaumur before the 'es
tablishment of the binonical system. In fact, they 
construct dwellings with genuine mortar that are so 
strong that it requires the use of an iroll instrument to 
make an incision in them. These nests are established 
upon stones or, oftener, upon walls having a southern 
exposure, and somewhat resemble pellets of mud scat
tered about at! if they had been thrown by the wheels 
of carriages or the feet of horses. The masons are so 
particular as to the solidity of their habitations that they 
refrain from attaching them to rough-plastered walls, 
and take care to construct them upon bare stones 
rather than upon the cement that binds the latter to
gether. Moreover, for the establishment of their nests, 
they always select a place where the latter can be most 
firmly attached, and prefer to build in angles formed 
by plinths, cornices and entablatures and in the pro
jections of windows. 

As noted by Fabricius, the chalicodomoo employ as a 
building material marl mixed with a little sand and 
kneaded with their own saliva. Damp places, which 
would facilitate the exploi tation and diminish the 
amount of saliva used for mixing the mortar, are shun
ned by the chalicodomoo, which refuse to use fresh 
earth for buil ding, just as human builders reject de
composed plaster and lime that has been slaked for a 
long time. Such materials. full of pure humidity, 
would not set properly. What the insects want is a 
dry powder which quickly absorbs the disgorged saliva, 
and, with the albuminous principles of the liquid, 
forms a sort of Roman cement that quickly hardens 
-something, in fact, comparable to the cement that 
is obtained with quicklime and the white of an egg. 

The body of the male chalicodomoo is covered with 
velvety hairs of quite a bl'ight fet'raginous red. In the 
femal�s the hairs are of a beautiful velvety black, and 
the wings of a handsome dark violet. 

The nest building is done by the females alone. They 
betake themselve� to a dry place, prepare some ce
ment, and form therewith a pellet about the size of a 
rabbit shot, which they carry away between their man
dibles to the place selected as the site of their nest. 
Upon reaching this, they deposit the pellet upon the 
wall and spread it out into a circular form. They 
then collect grains of sand or gravel and insert them in 
the soft mass. In order to effect a saving in labor and 
mortar, the insects employ coarse sand, the grains of 
which are to it genuine blocks of hewn stones. Of 
these it selects such as are very hard and are almost 
always provided with angles, which, when properly 
arranged with respect to each other, concur in giving 
the whole the necessary solidity. Layers of mortar, 
sparingly interposed, cement the grains together. The 
exterior of the cell thus assumes the aspect of a piece 
of rustic architecture in which the stones project with 
their natural inequalities; but the interiorJ which re
quires a smoother surface, so that the tenaer skin of 
the insect shall not be injured, is finished with a coat 
of pure mortar. 'L'his internal coating is deposited 
roughly, and so the worm, after the paste of honey is 
finished, makes a cocoon for itself and upholsters the 
rough wall of its dwelling with silk. 

After the chalicodomoo has established its pellet of 
mud, it begins to excavate a small hole in its upper 
surface, and scrapes the mud away from the center to
ward the margin by means of its jaws, so that the cav
ity at length has the form of a thimble. After this cup 
is finished,!thelinsect abandons its occupation of mason, 
and proceeds to collect the food necessary for its future 
progeny. 

It is then seen fltting about among t.he flowers and 
plunging eagerly into those of the broom, whence it 
soon makes its exit with its crop filled with honey and its 
body covered with pollen. As soon a� ir I'eal"hes its cell, 
it thrusts its head into it, disgorges its honey and then 

carefully brushes itself so as to cause the pollen to fall 
into the cavity. After this operation is finished, it is 
seen to enter the cavity again ill order to mix the honey 
with the pollen and make a very homogeneous paste 
of it. Then it flies away again in search of mot'e 
food. 

When the cell is half full, the insect deposits an eg-g 
therein and immediately proceeds to close the dwelliug 
with a cover of pure llIortar, which it constructs pro
gressively from the circumference to the center. '£wo 
days snffice to perform this work. 

IllImediately after this, the mason constructs, di
rectly against the first, a second cell and then a third, 
and so 011· up to eight or ten cells. Although these 
cells are closed on every side, they would, considering 
the slight thickness of the cover, doubtless soon break 
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into fragments through the heat of summer or be com
pletely demolished by the rains of autumn or frosts of 
winter, were not some measures taken to prevent it. 
So the insect takes care not to leave them in this state. 
After all the cells are finished, it constructs over the 
entire group a thick cover, which, being formed of a 
material impervious to water, and also being a poor 
conductor of heat, protects the whole against damp
ness, heat and cold. 

This material is the usual mortar, that is to say, 
earth tempet'edtwit,h:saliya, but in this case unmixed with 
gmins of sand. It is applied pellet by pellet, until a 
layer nearll half an inch in thickness is formed upon 
the mass 0 cells, which finally disappear completely in 
the. center of the clo)vering. This done,� the nest has 
the form of a dome, eq ual in size to half of an orange. 

The nest just studied is one that has been formed 
complete in all its parts. Very often, however, when 
the chalicodomoo meet with an old nest, more or less 
deteriorated, they are content to repair it and put it in 
a proper state to receive their progeny. . 

Such repairs are not of much consequence though, 
since they consist only iu closing up the apertures 
through which the young of the first architect escaped, 
and in tearing away the shreds of the cocoon. hanging 
from the wall. 

What we have just said relates to the" wall chalico
dOlllal," which is essentially solitary and even very jeal
ous of it,s property. Whether it has constructed a nest 
fOl' itself or haH only made over an old one, it wishes to 
keep it for itself alone, and forcibly drives away any 
other insect that attempts to take possession of it. 

'fhere exists in France another species, of which 
the habits are slightly different, especially as regarcl� 
sociability. This is the ,. Coach-house ChalicodoUlal." 
According to the observations of Fabricius, this speci,," 
establishes itself by hundreds and often by thousauds 
upon the under surface of the tiles of a coach house or 
of the eaves of a roof. There is here no true society, 
w ith interests in comUlon, but simpll a gathering ill 
which each individual works for itsel and pays no at
tention to the others--in fact, a crowd of workers recall
ing the swarm of a beehive only in number and ardor. 
The mortar employed is similar t.o that used by the 
wall chalicodomoo. It is just as skong and imperme
able, b ut is finer and unmixed with grains of sand. 
The old nests are utilized in the first place. E very 
free chamber is restored, supplied with food and sealed 
up. But the old cells are far from sufficing fOJ' the pop
ulation, which rapidly increases froUl one year to an
other. Then, at the surface of the nest, the cells of 
which are concealed under the old general covering of 
mortar, other cells are constructed in sufficient nUIll
bel' to satisfy the needs of nidification. These at'e 
placed horizontally, or nearly so, alongside of each 
other without any order in their arrangement. Each 
individual has plenty of elbow room, and builds where 
he wishes and just as he wishes, on condition that 
he does not interfere with the work of his neighbors. 
If he does so interfere, the friends of those interested 
call him him to order. The cells are, t.herefore. acct!
mulated at hazard upon a spot where no fellow feeling 
prevails. 

There form is that of a thimble divided in the dirl'c
tion of its axis, and their circumference is cOUlpleted 
either by the adjacent cells or by the surface of the old 
nest. Externally they are corrugated or wrinkled, and 
exhibit a superposition of knotty-like courses corre
sponding to the various layers of mortar. Within, the 
wall is rendered even without being smooth, it being 
left to the worm to supply afterward the polish that i� 
needed. Each cell, as soon as constructed, is provisioned 
and walled up. Such work is performed during the 
greater part of the month of May. Finally, all.the eggs 
are laid, and the bees, without any distinction:as to what 
does or does not belong to them, undertake in common 
the general covering of the colony. This covering con
sists of a thick layer of mortar which fills the intervals 
audrests upon the collection of cells. Finally, the nest in 
common has the aspect of a wide plaster of dry mud, 
very irregularly convex, thickest at the center (the 
starting point of the work), and thinnest at the edges, 
where there are as yet only cells of a new foundation, 
and of an extent that is very varia.ble according to the 
number of workers, and, consequently, according to 
the age of the first nest fouuded. Some of these nests 
are scarcely wider than the hand, while others occupy 
the greater part of the edge of a roof and are meas
ured by square yards.-For the foregoing particulars 
and the illustrations, we are indebted to La Nature. 

BUBONIC PLAGUE IN THE BIBLE. 
'l'HE earliest record of bubonic plague has generally 

been dated 300 B. C. Drs. F. Tidswell and J. A. Dick 
have, however, according to Nature (March 22), re
cently brought evidence before the Royal Society of 
New South Wales to show that the epidemic of 1141 
B. C., described in the First Book of Samuel (chars. 
iv-vi.), was true bubonic plague. "After the Philis
tines had caotut'ed the Ark of the Covenant and taken 
it to Ashdod, severe illness broke out among the peo
ple. 'The hand of the Lord was heavy upon them of 
Ashdod, and He destroyed them and smote them with 
emerods.' The Ark was afterward taken to Ekron, 
and here again we are told • There was a deadly de
struction throughout all the cit,y . . and the men 
that died not were smitten with the emerods, and the 
cry of the city went up to Heaven.' The word' em
erod' has usually' been taken to mean hemorrhoids, 
but in the revised version of the Old Testament it is 
stated to mean tumor OJ' plague boil. The epidemic 
in Philistia occurred at the time of the regulat' plague 

WALL CHALICODOMlE AND THEIR CONSTRUCTIONS. 
At the left is seen a section of a nest showing the internal cells. 
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